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[0002| I he invention relates generally to the field of biotechnology and medicine, and 
more particularly relates to methods and associated means for inducing apoptosis in a cell. 



[0004] Apoptosis is an active and programmed physiological process for eliminating 
superfluous, altered or malignant cells (Carnshaw, 1995, Duke et aL, 1996). Apoptosis is 
characterized by shrinkage of cells, segmentation of the nucleus, condensation and cleavage of DNA 
into domain-sized fragments, and is then generally followed by intemucleosomal degradation. The 
apoptotic cells fragment into membrane-enclosed apoptotic bodies. Finally, neighboring cells and/or 
macrophages will rapidly phagocytose these dying cells (Wyllie et al., 1980, White, 1996). 

[0005] Cells grown under tissue-culture conditions and cells from tissue material can be 
analyzed for being apoptotic with agents staining DNA, as e.g. DAPI, which stains normal DNA 
strongly and regularly, whereas apoptotic DNA is stained weakly and/or irregularly (Noteborn et al., 

1994, Telford et al., 1992). 

[0006] The apoptotic process can be initiated by a variety of regulatory stimuli (Wyllie, 

1 995, White 1 996, Levine, 1 997). Changes in the cell surv ival rate play an important role in human 
pathogenesis of diseases, e.g. in cancer development and auto-immune diseases, where enhanced 
proliferation or decreased cell death (Kerr et ah, 1994, Paulovich, 1997) is observed. A variety of 
chemotherapeutic compounds and radiation have been demonstrated to induce apoptosis in tumor 
cells, in many instances via wild-type p53 protein (Thompson, 1995, Bellamy et al., 1995, Steller, 
1995, McDonell et al., 1995). 

[0007] Many tumors, however, acquire a mutation in p53 during their development, often 
correlating with poor response to cancer therapy. Certain transforming genes of tumori genie DNA 
viruses can inactivate p53 by directly binding to it ( l eodoro, 1997). An example of such an agent 
is the large T antigen of the tumor DNA virus SV40. I-or several (leukemic) tumors, a high 
expression level of the proto-oncogene Bcl-2 or Bcr-abl is associated with a strong resistance to 
\ ariousapoptosis-inducing chemotherapeutic agents (Hockenberry 1994. Sachs and f otem, 1997). 
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I'or such tumors lacking functional p53 (representing more than half of the tumors) ahernative anti- 
tumor therapies are under development based on induction of apoptosis independent of p53 
( fhompson 1995, Paulovich et al., 1997). One has to search for the factors involved in induction of 
apoptosis, which do not need p53 and/or cannot be blocked by anti-apoptotic activities, such as Bcl-2 
or Bcr-abl-like ones. These lactors might be part of a distinct apoptosis pathway or might be (far) 
downstream of the apoptosis inhibiting compounds. 

|0008] Apoptin is a small protein derived from chicken anemia virus (CAV; Notebom and 
De Boer. 1995, Noteborn etal., 1991, Noteborn et al., 1994; 1998a), which can induce apoptosis in 
human malignant and transformed cell lines, but not in untransformed human cell cultures. In vitro, 
Apoptin fails to induce programmed cell death in normal lymphoid, dermal, epidermal, endothelial 
and smooth-muscle cells. However, when normal cells are transformed they become susceptible to 
apoptosis by Apoptin. Long-term expression of Apoptin in normal human fibroblasts revealed that 
Apoptin has no toxic or transforming activity in these cells (Danen-van Oorschot, 1997; Noteborn, 
1996). In normal cells, Apoptin is found predominantly in the cytoplasm, whereas in transformed 
or malignant cells i.e. characterized by hyperplasia, metaplasia or dysplasia, it is located in the 
nucleus, suggesting that the localization of Apoptin is related to its activity (Danen-van Oorschot 
et al. 1997). 

[00091 Apoptin-induced apoptosis occurs in the absence of functional p53 (Zhuang et al., 
1995a), and cannot be blocked by Bcl-2, Bcr-abl (Zhuang et al., 1995), or the Bcl-2-associating 
protein BAG- 1 (Danen-Van Oorschot, 1997a, Noteborn, 1996). Therefore, Apoptin is a therapeutic 
compound for the selective destruction of tumor cells, or other hyperplasia, metaplasia or dysplasia, 
especially for those tumor cells which have become resistant to (chemo)-therapeutic induction of 
apoptosis, due to the lack of functional p53 and (over)-expression of Bcl-2 and other apoptosis- 
inhibiting agents (Noteborn and Pietersen, 1998). It appears, that even pre-malignant, minimally 
transformed cells, are sensitive to the death-inducing effect of Apoptin. In addition, Noteborn and 
Zhang (1 998) have shown that Apoptin-induced apoptosis can be used as diagnosis of cancer-prone 
cells and treatment of cancer-prone cells. 

[0010] The fact that Apoptin does not induce apoptosis in normal human cells, at least not 
/// vitro, shows that a toxic effect of Apoptin treatment in vivo will be very low. Noteborn and 
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Pictcrscn (1998) and Pictersen et al. (1999) have provided evidenee that adenovirus expressed 
Apoptin docs not have an acute toxic effect in vivo. In addition, in nude mice it was shown that 
Apoplin has a strong anti-tumor activity. 

[0011 J However, to further enlarge the array of therapeutic anti-cancer or anti-auto- 
immune-disease compounds available in the art, additional therapeutic compounds are desired that 
are designed to work alone, sequentially to, or jointly with Apoptin, especially in those cases 
wherein p53 is (partly) non-functional. 



[0013] The invention provides novel therapeutic possibilities, for example novel 
combinatorial therapies or novel therapeutic compounds that can work alone, sequentially to, or 
jointly with Apoptin, especially in those cases wherein p53 is (partly) non-functional. 

[0014] In a tlrst embodiment, the invention provides an isolated or recombinant nucleic 
acid or functional equivalent or fragment thereof encoding an Apoptin-associating proteinaceous 
substance capable of providing apoptosis, alone or in combination with other apoptosis inducing 
substances, such as Apoptin. Proteinaceous substance herein is defined as a substance comprising 
a peptide, polypeptide or protein, optionally having been modified by for example glycosylation, 
myristilation. phosphorylation, the addition of lipids, by homologous or heterologous di- or multi- 
merization, or any other (post-translational) modifications known in the art. 

[0015) Apoptin-associating herein is defined as belonging to the cascade of substances 
specifically involved in the cascade of events found in the apoptosis pathway as inducible by 
Apoptin, preferably those substances that are specifically involved in the p53-independent apoptosis 
pathway. 

[0016] In a preferred embodiment, the invention provides an isolated or recombinant 
nucleic acid or functional equivalent or fragment thereof encoding an Apoptin-associating 
proteinaceous substance capable of providing apoptosis derived from a cDNA library, preferably a 
vertebrate cDNA library, such as derivable from poultry, but more preferably a mammalian cDNA 
library, preferably wherein the cDNA library comprises human cDNA. An Apoptin-associating 
proteinaceous substance obtained by determining a vertebrate homologue (preferably human) of an 
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Apoptin-associating protcinaceous substance derived from an invertebrate cDNA library is also 
included. 

[001 7| In another embodiment, the invention provides an isolated or recombinant nucleic 
acid or functional equivalent or fragment thereof encoding an Apoptin-associating protcinaceous 
substance capable of providing apoptosis. It is capable of hybridizing to a nucleic acid molecule 
encoding an Apoptin-associating protcinaceous substance capable of providing apoptosis as shown 
in SEQ ID NO 1 and/or SEQ ID NO 9, in particular encoding a novel protein capable of providing 
apoptosis or functional equivalent or functional fragment thereof called Apoptin-associating protein 
5, abbreviated herein also as AAP-5. SEQ ID NO 1 shows a fragment of the complete AAP-5 
fragment as depicted in SEQ ID NO 9. Both nucleotide sequences encode a protein (SEQ ID NO 2 
and SEQ ID NO 10) with at least the capability of binding to Apoptin and providing apoptosis (as 
disclosed herein within the experimental part). Of course, an isolated or recombinant nucleic acid 
or functional equivalent or fragment thereof encoding an additional Apoptin-associating 
protcinaceous substance capable of associating with the partial or full-length AAP-5 protein is 
herewith also provided. The means and methods to arrive at such an additional protein located in 
the Apoptin cascade follow those of the detailed description given herein. Knowledge derived from 
studying the partial or full-length AAP-5 is exploited to determine a functional pathway in which 
partial or full-length AAP-5 is involved, thus allowing the design of further therapeutic means of 
intervening in such a pathway. 

[0018] In particular, the invention provides an isolated or recombinant nucleic acid or 
functional equivalent or fragment thereof encoding an Apoptin-associating protcinaceous substance 
capable of providing apoptosis being at least 60% homologous, preferably at least 70%, more 
preferably at least 80%, even more preferably at least 90% and most preferably at least 95% 
homologous to a nucleic acid molecule, or to a functional equivalent or functional fragment thereof, 
encoding an Apoptin-associating protcinaceous substance as shown in SEQ ID NO 1 or SEQ ID NO 
9. 

[0019| Eurthermore, the invention provides a vector comprising a nucleic acid according 
to the invention. I:xamples of such a vector are given in the detailed description given herein; such 
as vector pM r2SM-AAP-5, pM r2SM vector expressing Myc-tagged AAP-5 cDNA, a plasmid 



expressing an Apoptin-associating protein fragment, and so on. This and other vectors are for 
example, useful in tlnding additional Apoptin-associating proteinaceous substances from the 
cascade, as defined above. 

[0020| In yet another embodiment, the invention provides a vector comprising a nucleic 
acid according to the invention, the vector comprising a gene-delivery vehicle, making the invention 
very useful in gene therapy. By equipping a gene delivery vehicle with a nucleic acid according to 
the invention, and by targeting the vehicle to a cell or cells that have been over-proliferating and/or 
have shown decreased death rates, the gene delivery vehicle provides the cell or cells with the 
necessary means for apoptosis, providing far reaching therapeutic possibilities. 

[002 1 ] Furthermore, the invention provides a host cell comprising a nucleic acid or a vector 
according to the invention. Examples comprise transduced bacterial or yeast cells as described in the 
detailed description herein. Preferred is a host cell according to the invention which is a transduced 
eukaryotic cell, such as a yeast cell or a vertebrate cell, such as mammalian or Cos cells transduced 
with a nucleic acid or vector according to the invention. The cells are in general capable to express 
or produce a proteinaceous substance capable of providing apoptosis with the ability to associate 
with Apoptin. 

|0022] The invention furthermore provides an isolated or recombinant Apoptin-associating 
proteinaceous substance capable of providing apoptosis. As for example shown herein in SEQ ID 
NO 2 and SEQ ID NO 1 0, expression of such Apoptin-associating proteinaceous substance in cells, 
such as tumor cells, or other over-proliferating cells, induces the apoptotic process. It can do so 
alone, or in the presence of other apoptosis inducing substances such as Apoptin, and especially so 
independent of p53, showing that also in those cases where (functional) p53 is absent apoptosis can 
be induced by a substance according to the invention. In particular, the invention provides a 
proteinaceous substance according to the invention encoded by a nucleic acid according to the 
invention, for example comprising at least a part of an amino acid sequence as shown in SEQ ID NO 
2 or SI:Q ID NO 10 (AAP-5) or a functional equivalent or functional fragment thereof capable of 
providing apoptosis alone or in combination with other apoptosis inducing substances such as 
Apoptin. 
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[0023| Ihe invention also provides an isolated or synthetic antibody specifically 
recognizing a proteinaceous substance or functional equivalent or functional fragment thereof 
according to the invention. Such an antibody is, for example, obtainable by immunizing an 
experimental animal with an Apoptin-associating proteinaceous substance or an immunogenic 
fragment or equivalent thereof Then the polyclonal antibodies are harvested from the immunized 
animal, or obtainable by other methods known in the art, such as by producing monoclonal 
antibodies, or (single chain) antibodies or binding proteins expressed from recombinant nucleic acid 
derived from a nucleic acid library, for example obtainable via phage display techniques. Examples 
of such an antibody are given in the detailed description herein. 

[0024] With such an antibody, the invention also provides a proteinaceous substance 
specifically recognizable by such an antibody according to the invention, for example, obtainable 
via immunoprecipitation. Western Blotting, or other immunological techniques known in the art. 
Furthermore, the invention provides use of a nucleic acid, vector, host cell, or proteinaceous 
substance according to the invention for the induction of tumor-specific apoptosis, as for example 
shown in Table 1. In particular, such use is provided wherein the apoptosis is p53-independent. In 
particular, such use is also provided further comprising use of a nucleic acid encoding Apoptin or 
a functional equivalent or fragment thereof or use of Apoptin or a functional equivalent or fragment 
thereof As can be seen from Table 1, combining these Apoptin-inducing substances increases the 
percentage apoptosis of treated tumor cells. 

[0025] Such use as provided by the invention is particularly useful from a therapeutic 
viewpoint. The invention provides herewith, a pharmaceutical composition comprising a nucleic 
acid, vector, host cell, or proteinaceous substance according to the invention. In addition, such a 
pharmaceutical composition according to the invention is provided further comprising a nucleic acid 
encoding Apoptin or a functional equivalent or fragment thereof 

[0026| Such a pharmaceutical composition is in particular provided for the induction of 
apoptosis, for example wherein the apoptosis is p53-independent, for the treatment of a disease 
where enhanced cell proliferation or decreased cell death is observed, as is in general the case when 
the disease comprises cancer or auto-immune disease. Herewith, the invention provides a method 
for treating an indi\ idual carrying a disease where enhanced cell proliferation or decreased cell death 
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is observed eomprising treating the indi\ idual with a pharmaceutical composition according to the 
invention. In particular, these compositions comprise a factor ot an apoptosis pathway, which is 
specific for transformed cells. I herefore, these compositions are essential for new treatments, but 
also for diagnosis of diseases related with aberrances in the apoptotic process, such as cancer, cancer- 
proneness and auto-immune diseases. 

|0027] The invention w ill be explained in more detail in the following detailed description, 
which is not limiting the invention. 

[00281 DETAILED DESCRIPTION OF THE INVENTION 

[0029] The yeast-2 hybrid system (Durfee et a!., 1993) was used to identify Apoptin- 
associating cellular compounds, which are essential in the induction of apoptosis. The used system 
is an in vivo strategy to identify human proteins capable of physically associating with Apoptin, It 
has been used to screen cDNA libraries for clones encoding proteins capable of binding to a protein 
of interest (Fields and Song, 1989, Yang et al., 1992). The invention provides for example a novel 
Apoptin-associating protein, w^hich is named Apoptin-associating protein 5 abbreviated as AAP-5. 
The invention also provides a method for inducing apoptosis through interference with the function 
of this newly discovered AAP-5 protein or functional equivalents or fragments thereof and/or the 
induction of apoptosis by means of (over)expression of AAP-5 or related gene or functional 
equivalents or fragments thereof. 

[0030] The invention also provides an anti-tumor therapy based on the interference with 
the function of AAP-5-like proteins and/or its (over)expression. The presence of AAP-5-like protein 
can result in the induction of the opposite process of cell transformation, namely apoptosis. The 
invention furthermore provides the mediator of Apoptin-induccd apoptosis. The invention provides 
a therapy for cancer, autoimmune diseases or related diseases w hich is based on AAP-5-like proteins 
alone or in combination with Apoptin and/or Apoplin-like compounds. 

[00311 Construction of pCiB r9-VP3 

[0032| f or the construction of the bait plasmid, which enables the identification of 
Apoptin-associating proteins by means of a yeast-two-hybrid system, plasmid pFyr-16b-VP3 
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(Noteborn, unpublished results) was treated with Xc/el and BamWl. The 0,4 kb Nc/cl-BamWl DNA 
fragment was isolated trom low-melting-point agarose. Plasmid pGBT9 (Clontech Laboratories, Inc, 
Palo Alto, USA) was treated with the restrietion enzymes EcoRl and BamWl, The approximate 5.4- 
kb DNA fragment was isolated and ligated to an HcoRl-Ndel linker and the 0.4-kb DNA fragment 
eontaining the Apoptin-encoding sequenees starting from its own ATG-initiation eodon. The fmal 
eonstruct containing a fusion gene of the GAL4-binding domain sequence and Apoptin under the 
regulation of the yeast promoter ADH was called p(jBT-VP3 and was proven to be correct by 
restriction-enzyme analysis and DNA-sequencing according to the Sanger method (1977). All 
cloning steps were essentially carried out as described by Maniatis et al. ( 1 992). The plasmid pGBl - 
VP3 was purified by centrifugation in a CsCl gradient and column chromatography in Sephacryl 
S500 (Pharmacia). 

[0033] GAL4-activation domain-tagged cDNA library 

[0034] The expression vector pACT, containing the cDNAs from Hpstein-Barr-virus- 
transformed human B cells fused to the GAL4 transcriptional activation domain, was used for 
detecting Apoptin-associating proteins. The pACT cDNA library is derived from the lambda-ACT 
cDNA librar>\ as described by Durfee et al. 1993. 

[0035] Bacterial and Yeast strains 

[0036] I he E. coli strain JM 1 09 was the transformation recipient for the plasmid pGBT9 
and pGBT-VP3. The bacterial strain electromax/DI 1 1 OB was used for the transformation needed for 
the recover}' of the Apoptin-associating pACl -cDNAs, and was obtained from GIBCO-BRL, USA. 
The yeast strain Y 1 90 was used for screening the cDN A library, and all other transformations, which 
are part of the used yeast-two-hybrid system. 

[0037| Media 

[0038] For drug selections Luria Broth (LB) plates for E. coli were supplemented with 
ampicillin (50 microgram per ml). Yeast YPD and SC media were prepared as described by Rose 
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el al. ( 1 990). Transtbmiation ol competent yeast strain Yl 90 with plasmids pGIi I -VP3 and pACT- 
cDNA and screening for beta-galaclosidase activity was performed. 

|0039) The yeast strain Y190 was made competent and transformed according to the 
methods described by Klebe et al. (1983). The yeast cells were first transformed with pGBT-VP3 
and subsequently transformed with pACl -cDN A, and these transformed yeast cells were grown on 
histidine-minus plates, also lacking leucine and tryptophan. 

[0040] Hybond-N filters were laid on yeast colonies, which were histidine-positive and 
allowed to wet completely. I he filters were lifted and submerged in liquid nitrogen to permeabilize 
the yeast cells. I he filters were thawed and laid with the colony side up on Whattman 3MM paper 
in a petri dish with Z-buffer (Per liter: 16.1 gr Na:HP04.7H,0, 5.5 gr NaH,PO,.H,0, 0.75 gr KC\ 
and 0,246 gr MgS04.7HiO, pH 7.0) containing 0.27% beta-mercapto-ethanol and 1 mg/ml X-gal. 
The filters were incubated from at least 15 minutes to overnight. 

[004 1 ] Recovery of plasmids from yeast 

[0042] 1 otal DN A from yeast cells, which were histidine- and beta-galactosidase-positive, 
were prepared by using the glusulase-alkaline lysis method as described by Hoffman and Winston 
(1987) and used to transform Klectromax/[3H10B bacteria via electroporation using a Bio-Rad 
GenePulser according the manufacturer's specifications. Transformants were plated on LB media 
containing the antibiotic agent ampicillin. 

[0043] Isolation of Apoptin-associating pAC f clones 

[0044] By means of colony-filter assay, the colonies were lysed and hybridized to a 
radioactive-labeled 17-mer oligomer, which is specific for pACT (see also section Sequence 
analysis). Plasmid DNA was isolated from the pAC'f-clones. and by means of A77oI digestion, it was 
analyzed for the presence of a cDNA insert. 

]0045] Sequence analysis 

[0046] I he subclone containing the sequence encoding Apoptin-associating protein was 
partially sequenced using dideoxy N fPs according to the Sanger-method, which was performed by 
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luirogentcc, Seraing, Belgium or BaseClcar. Leiden, The Netherlands). I he used sequencing primer 
was a pACT-specific 17-mer comprising oflhe DNA-sequence 5'- lACCAC TACAAl GGA ICio' 
(SHQ ID NO 3) or internal primers comprising the described novel AAP-5 sequences. The 
sequences ofthe Apoptin-associating cDNAs were compared with known gene sequences from the 
l^MBL/Cienbank. 

|0047| Generation and testing of antibodies 

[0048] In order to generate polyclonal antisera against the protein predicted to be encoded 
by the partial AAP-5 clone, Eurogentec (Belgium) designed three peptides predicted to be antigenic. 
These peptides were, for AAP-5: 1 ) Residues 27-41: CGGATHVYRYHRGESK (SEQ ID NO 4); 
2) Residues 49-63: GNGQRKDRKKTSLGPC (SEQ ID NO 5); and 3) Residues 71-85: 
EHAPEASQPAENISKC (SEQ ID NO 6). (Note: numbering same as in SEQ ID NO 2, and 
underlined C residues are added for technical reasons and are not part ofthe actual AAP sequence). 
These peptides were synthesized at F^urogentec and all subsequent antibody syntheses were also 
performed there. 

[0049] Briefly, the three peptides were coupled to KLH and injected as a cocktail into two 
separate specific pathogen free rabbits with an immunization schedule of one injection and three 
subsequent boosts. Blood samples were taken both before and after immunization. The sera were 
tested in-house by ELISA tor specific reactivity to the peptide cocktail. The titers from each rabbit 
were high. Furthermore, for certain subsequent purposes, the AAP-5 antibodies were immune- 
purified using peptide cocktail coupled to immobilized diaminodipropylamine agarose columns 
(Pierce) according to the manufacturer's protocol. 

[0050| The AAP-5 antibody ofthe two generated with the highest affinity was selected for 
further use. We tested the efficacy of this antibody by transfecting 6 cm plates of sub-confluent 
primate C()S-7 and human U20S cells using the calcium phosphate co-precipitation method with 
5 mg of the AAP-5-myc construct (partial clone), and as a control, untransfected cells. Post- 
transfection, cells were washed briefly in PBS, lysed in RIPA buffer (10 mM I ris 7.5, 150 mM 
NaCl, 0. 1 % SDS, 1 .0% NP-49 and 1 .0 % sodium deoxycholate), clarified by centrifugation, and the 
supernatant fractionated on SDS-denaturing polyacrylamide gel electrophoresis. Proteins were 
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Western-transferred to PVDF membranes (Immobilon, Millipore) using standard methodology. 
Membranes were blocked in 5% non-fat dry milk in i ris-buffered saline containing 0. 1 % rween-2(), 
then incubated in the unpuritled AAP-5 antisera at a concentration of 1:5,000. After a brief wash, 
membranes were further incubated in HRP-conjugated goat-anti-rabbit Ig at a concentration of 
1 :2,000. After a thorough series of wash steps, proteins were detected using enhanced 
chemiluminescence ( Amersham) according to the manufacturer's protocol and exposed to x-ray film 
and developed using standard automated machinery. In addition, we tested the purified AAP-5 
antibody using immunoprecipitation in a manner the same as above, except that after centrifugation, 
the supernatant was added to 1 0 ml of purified AAP-5 antibody pre-coupled to protein-A-sepharose 
beads, incubated for 1 hour with tumbling, then washed before fractionation of SDS-PAGE gels and 
Western analysis. Detection in this case was performed with the anti-myc tag monoclonal antibody 
9E10 (Evan et al.). Finally, the purified AAP-5 antibody was tested for utility in 
immunofluorescence by including glass coverslips in the above transfections. Coverslips were fixed 
with 4% paraformaldehyde, blocked with normal goat serum, incubated in a concentration of 1 : 1 0, 
washed, incubated in a 1:100 dilution of conjugated goat-anti-rabbit Ig, mounted in 
DAPI/DABCO/glycerol and visualized with fluorescence microscopy. 

[0051 1 Northern analysis 

[0052| To examine the RNA expression pattern of AAP-5, we tested commercially- 
manufactured Northern blots (Invitrogen, cat. 1999, #D2801-50) containing poly-A+ RNA from 
human fetal brain, liver, lung, muscle tissue and from adult lung. The DN A probe was derived from 
'dnXhol restriction fragment encompassing the entire insert of the AAP-5-myc partial clone. I his 
probe was labeled with '''P-dATP using the MegaPrime kit of Amersham. All prehybridization, 
hybridization and washing steps were done according to the Northern blot manufacturer's 
recommendation. Blots were subjected to autoradiography and developed using standard automated 
methods. 



[00531 Cloning of full-length AAP-5 
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|0054) The complete ORF of AAP-5 was amplitled from a human brain cDNA library 
(Clonlcch - Marathon Ready cDNA). I he R f-PCR was performed according to the manufacturer's 
instructions (Clontech - Advantage®2 PCR kit). 
RT-PCR Sample volume 50 |il 



Brain cDNA 


2 Ml 


5'-primer(50 ^M) 


1 Hi 


3'-primer (50 \iM) 


1 Ml 


lOx cDNA PCR reaction buffer 


5^1 


dNTP mix (10 mM) 


1^1 


50x Advantage 2 Polymerase mix 


1 Ml 


Sterile water 


39^1 



[0055] The cycling program for the RT-PCR in a Perkin-lilmer 9600 thermocycler was 
performed as follows: 
94° C 30 sec 1 cycle 

94° C 5 sec 30 cycles 

68° C 3 min 

[0056| The sequences for the Rl -PCR primers were generated from AAP-5 genomic 
sequence identified on chromosome 1 1. These include: 
AAP-5 - 5'primer 

5'- GGA GCC ATG GAC AAC TGT ITG GCG GCC G ^3' (SI:Q ID NO 7) 
AAP-5 - 3'primer 

5'- G I G ATCi GCA GTG A I G G TC AAC A I C ACA C -3' (SliQ ID NO 8) 

[0057| The PCR products were cloned into the pCR k4- I OPO vector according to the 
instructions of the TOPO-I A cloning kit from Invitrogen. fhc sequences of the PCR products 
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were generated with the Applied Bios\ stem (ABl) PrisniKyBigDye^'^^TenTiinator sequencing kit and 
analyzed on a ABI 310 capillary sequencer. 

[0058] I he sequencing primers were the PCR primers (5' and 3') and the following: 
AAP-5 - #5F 

5'- ATA 11 A TTC ATC TG \ GCC AGA GG -3' (sense) (S1:Q ID NO 11 ) 
AAP-5 - #5R 

5'-CCT C TG GCA CAG ATG AAT AAT AT -3' (antisense) (SEQ ID NO 12) 
(0059] Biochemical interactions of AAP-5 

(0060] Interactions were determined by co-transfection followed by standard co- 
immunoprecipitation analysis exactly as described in the results section under "Co- 
immunoprecipitation of Myc-tagged AAP-5 protein with Apoptin in a transformed mammalian cell 
system'\ In this case, the amount of DN A in the two-way co-transfection was 1 0 mg, and the partial 
clones were used (except AAP-3. of which a full-length sequence was used). Pull-downs were 
performed by IP'ing with the appropriate AAP antibody and performing Western blot analysis with 
the anti-myc tag 9E 1 0. Polyclonal antibodies directed against AAP-5, AAP-4 and AAP-3 were used, 

[0061] Antibodies against AAP-3 and AAP-4 were obtained as described in the section 
"^Generation and testing of antibodies". Peptides used for raising antibodies against AAP-3: 1) 
lYQRSGERPVTAGEE (SEQ ID NO 13), 2) DEQVPDSIDAREIFD (SEQ ID NO 14) and 3) 
RSINDPEHPLTEEEL (SEQ ID NO 15). Peptides used to raise antibodies against AAP-4: 1) 
EESTPVHDSPGKDDA (SEQ ID NO 16), 2) DSFKTKDSFRTAKSK (SEQ ID NO 17) and 3) 
IDIDISSRRREDQSE (SEQ ID NO 18). 

|0062] AAP-5 full-length: appearance and effects on tumor cells 

|0063] In order to characterize the full-length AAP-5 protein, we expressed constructs 
encoding the full-length clones in cells and analyzed them by immunotluorescence staining. AAP-5 
w as analyzed as described in the results section under "Over-expression of the novel AAP-5 protein 
in human transformed cells induces the apoptotic process", using Saos-2 and U2()S tumor cells. 
AAP-5 was stained with 9I{]0 to delect the fused myc tag. As comparison controls, Apoptin was 
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expressed alone and in combination with AAP-5, and a construct expressing Lac/ was included as 
a negative control. For these experiments, we examined cells after 2 and 5 da} s oftransfection. 

[0064] RHSULTS 

[0065] Apoptin specifically induces apoptosis in transformed cells, such as cell lines 
derived from human tumors. To identify the essential compounds in this cell-transformation-specific 
and/or tumor-specific apoptosis pathway, a yeast genetic screen was carried out. We have used a 
human cDNA library, which is based on the plasmid vector pACT containing the complete cDNA 
copies made from Epstein-Barr virus-transformed human B cells (Durfee et al., 1993). 

[0066] Construction of a bait plasmid expressing a fusion gene product of GAL4-DNA- 
binding domain and Apoptin 

[0067[ To examine the existence of Apoptin-associating proteins in the human 
transformed/tumorigenic cDNA library, a so-called bait plasmid had to be constructed. To that end, 
the complete Apoptin-encoding region, flanked by about 40 base pairs downstream from the Apoptin 
gene, was cloned in the multiple cloning site of plasmid pGBT9. The final construct, called pGBT- 
VP3, was analyzed by restriction-enzyme analysis and sequencing of the fusion area between 
Apoptin and the GAL4-DNA-binding domain. 

[0068] A gene( fragment) encoding an Apoptin-associating protein is determined by 
transactivation of a GAL4-responsive promoter in yeast. The Apoptin gene is fused to the GAL4- 
DNA-binding domain of plasmid pGBT-VP3, whereas all cDNAs derived from the transformed 
human B cells are fused to the GAL4-activation domain of plasmid pACT. If one of the 
proteinaceous substances encoded by the cDN As binds to Apoptin, the GAL4-DN A-binding domain 
will be in the vicinity of the GAL4-activation domain resulting in the activation of the GAl>4- 
responsive promoter, which regulates the reporter genes H1S3 and LacZ. 

[0069[ The yeast clones containing plasmid expressing Apoptin and a plasmid expressing 
an Apoptin-associating protein tragment can grow on a histidine-minus medium and w ill stain blue 
in a beta-galactosidase assay. Subsequently, the plasmid with the cDNA insert encoding the 
Apoptin-associating protein can be isolated and characterized. Before we could do so, however, we 
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have determined that transtbrmation of yeast cells with pGIiT-VP3 plasmid alone, or in combination 
with an empty pAC F vector, did not result in the activation of the GAL4-responsive promoter. 
Identification of Apoptin-associating protein encoded by cDNA derived from a human transfonned 
B cell line. 

|007()] One yeast colony was found, which upon transformation with pGB l-VPS and 
pACT-cDNA, was able to grow on a histidine-minus medium (also lacking leucine and tryptophan) 
and stained blue in a beta-galactosidase assay. These results indicate that the observed yeast colony 
contains besides the bait plasmid pGBT-VP3, a pACT plasmid encoding a potential Apoptin- 
associating protein. Plasmid DNA was isolated from the positive yeast colony, which was 
transformed in bacteria. By means of a tllter-hybridization assay using a pACT-specific labeled 
DNA-probe, the clone containing pACT plasmid could be determined. Subsequently, pACT DNA 
was isolated and digested with restriction enzyme Xhol. which resulted in the presence of an 
approximately 1 .0-kbp cDNA insert. Finally, the cDNA insert of the pACT plasmid containing the 
cDNA insert was sequenced by using the Sanger method (Sanger et al., 1977). 

[0071] Description of Apoptin-associating proteins 

[0072] The yeast genetic screen for Apoptin-associating proteins resulted in the detection 
of a cDNA clone comprising a single type of protein, namely a novel protein called Apoptin- 
associating protein 5, abbreviated as AAP-5. 



[0073| The determined DNA sequence part of the AAP-5 cDNA clone is shown below in 
SRQ ID NO 1 . SEQ ID NO 1 shows the partial sequence of vector pMT2SM-AAP-5. 



CCAATGGCTG 


AATTCATGGA 


CrAIACITCA 


AGICAGTGTG 


GGAAATATIA 


TTCATCTGTG 


CCAGAGGAAG 


GAGGGGCAAC 


CCATGICIAT 


CGTIATCACA 


(iAGGCGAGIC 


GAAGCTGCAG 


AIGTCJC'ITGG 


ACATAGGGAA 


TGG'rCAGAGA 


AAAGACAGAA 


AAAAGACAIC 


ccriGGTCcr 


GGAGGCACiCT 


ATCAAATATC 


AGAGCATGCT 


CCAGAGGCAT 


CCCACiCCrGC 


TGAGAACATC 


ICIAACiGACC 


ICrACATAGA 


AGTATATCCA 


GG(}ACCTAn 


CTGTCACrGT 


C3GGCTCAAAT 


GACITAACCA 


AGAAGACTC A 


IXi I GG TACiCA 


GTK}ArrcrG 


CJACAAA(iCC}T 
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L 1 V j I L 


1 1 V 1 1 J 1 






IT' AT A IT' ATT 


1 1 1 1 I 1 1 I 


A fvv A A A A r 


A A A r \CC A l Y'. 




r r A A l Af iC'i A 


1 AL A 1 1 AA 1 


T'l r;T T 1 at; 

L i O 1 1 1 1 1 /VO 




r ;tp AMr Y'TTr 


r Y T r 'i r 't A A p rr; r; 


AU 1 L 1 i.J 1 L 1 L 


1 1 1 L /\U 1 vjl 1 


lllll^Jlllo 


1 1 IvJVJl IVJOl 


1 ^^J 1 1 1 1 1 1 VJ/V 


UAL AO 1 L 1 LU 


1 Y"* TY ; T TY i r Y 
L 1 L 1 1 1 UL L 


A r;r;p TY;r; a r; 






1 L ALLCjL AAU 




r^r;r;r ;t rr^ a p a 


TY^ A TTC^ VC^CT 




n f ^ A V A f\ 
LLLUAO 1 AUL. 


iY:r;r^ a c^v a a 

1 Al^ 1 A*^ A 




A rY^ A TfiPTYT; 


PiT^ T A m TTT 


1 Kj 1 A 1 1 1 1 1 


A r^.T A C\ A Tt a f^C\ 
AU 1 AOAOALO 


UUU 1 1 ILALL 


A iT^TTnnpr^ a 

A 1 O 1 1 VjUl^^^ A 


r;r; a tpptptp 


UA 1 C 1 C 1 1 UA 


1 1 UA 1 L 


UAL LU At A 1 1 




A r; IP, TTP. r; p. a 


TTACAGGCGT 


GAGCCACCGC 


GCCCGGCCTC 


AGTGCCTTTT 


TTAACTTGAG 


GGTGTAGAGG 


TCCTCCACGC 


1 IG 1 1 1 GCU 1 


■> AAA /^^ A ATA 

OAAAG 1 AA i A 


1 AA 1 OA 1 OL 1 


GTCTGAACAG 


GTTTTACTGC 


TTGCTTTCCA 


AGTAAAGGTT 


AATTATGATA 


ATAAAGAGAT 


TTGGGCCTTC 


GTGGCCTCGA 


G(SEQIDNO 
1) 





[0074] The amino acid sequence, derived from the detected DNA sequence of clone AAP-5 
is given in SEQ ID NO 2. 

HEGPMAEFMDYTSSQCGKYYSSVPEEGGATHVYRYHRGESKLHMCLDIGNGQRKDRK 
KTSLGPGGSYOISEHAPEASQPAENISKDLYIEVYPGTYSVTVGSNDLTKKTH 
VVAVDSGQSVDLVFPV (SEQ ID NO. 2). 

[0075] SEQ ID NO 2 shows the amino-acid sequence of the analyzed region of the 
Apoptin-associating clone AAP-5. In addition, the three C-terminal amino acids I I-E-G (bold) of the 
multiple cloning site of pACT are given above in SEQ ID NOs 3-5 to illustrate that the AAP-5 
amino acid sequence is in frame with the GAE4-activation domain. This feature proves that the 
AAP-5 region is indeed synthesized in yeast cells. 

[0076| Construction of an expression vector for the identification of AAP-5 protein in 
mammalian cells was also tested. 
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|0077| Jo stud) whether the cloned cDNA AAP-5 indeed encode (Apoptin-associating) 
a protein product, the following experiments were carried out. 1 he DN A plasmid pM 1 2SM contains 
the adenovirus 5 major late promoter (MLP) and the SV40 ori enabling high levels of expression of 
foreign genes in transformed mammalian cells, such as SV-40-transfomied Cos cells. Furthermore, 
the pMT2SM vector contains a Myc-tag (amino acids: HQKL1SF:HDL (SHQ ID NO 19)) which is 
in frame with the foreign-gene product. This Myc-tag enables the recognition of e.g. Apoptin- 
associating proteins by means of the Myc-tag-specific 9E10 antibody. 

[0078] The pMT2SM vector expressing Myc-tagged AAP-5 cDNA was constructed as 
follows. The pACT-AAP-5 cDNA clone was digested with the restriction enzyme Xhol and the 
cDNA insert was isolated. The expression vector pMT2SM was digested with A7k>I and treated with 
calf intestine alkaline phosphatase and ligated to the isolated AAP-5 cDNA inserts. By sequence 
analysis, the pMT2SM constructs containing the AAP-5 cDNA in the correct orientation were 
identified. 

(0079J The synthesis of Myc-tagged AAP-5 protein was analyzed by transfection of Cos 
cells with plasmid pMT2SM-AAP-5. As negative control, Cos cells were mock-transfected. I wo 
days after transfection, the cells were lysed and Western-blot analysis was carried out using the Myc- 
tag-specific antibody 9E10. The Cos cells transfected with pMT2SM-AAP-5 were proven to 
synthesize a specific Myc-tagged AAP-5 product with the size of approximately 18 kDa. As 
expected, the lysates of the mock-transfected Cos cells did not contain a protein product reacting 
with the Myc-tag-specific antibodies. 1 hese results indicate that we have been able to isolate a 
cDNA that is able to produce a protein product with the ability to associate to the apoptosis-inducing 
protein Apoptin. 

[0080) Co-immunoprecipitation of Myc-tagged AAP-5 protein with Apoptin in a 
transformed mammalian cell system. 

[0081 1 Next, the association of Apoptin and the AAP-5 protein was analyzed by means of 
co-immunoprecipitations using the Myc-tag-specific antibody 9I{]0. The 9F;10 antibodies were 
shown not to bind directly to Apoptin, which enables the use of 9E1() for carrying out co- 
immunoprecipitations with (myc-tagged) Apoptin-associating proteins and Apoptin. To that end. 
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Cos cells were co-transfected with plasmid pCMV-VIM encoding Apoptin and with plasmid 
pM 1 2S1V1-AAP-5. As a negative control, cells were transtected with pCM V-VP3 expressing Apoptin 
and a plasmid pcDNA3. 1 .LacZ-myc/His-LacZ encoding the myc-tagged beta-galactosidase, which 
does not associate with Apoptin. 

|0082J Two days after transfection, the ceils were lysed in a buffer consisting of 50 niM 
Tris (7.5), 250 niM NaCL 5 mM EDTA, 0.1 % Triton XlOO, 1 mg/ml Na^P.Oy and freshly added 
protease inhibitors such as PMSF, Trypsine-inhibitor, Leupeptine and Na3V04. The specific proteins 
were immuno-prccipitated as described by Notebom et al. (1998) using the Myc-tag-spccific 
antibodies 9E10, and analyzed by Western blotting. 

[0083] Staining of the Western blot with 9H 10 antibodies and 1 1 1.3 antibodies, which are 
specifically directed against myc-tag and Apoptin, respectively, showed that the "total" cell lysates 
contained the 16-kDa Apoptin product and the Myc-tagged AAP-5 protein of 1 8 kDa. By means of 
a specific LacZ polyclonal antibody also the beta-galactosidase product could be visualized. 

[0084] Immunoprecipitation of the Myc-tagged AAP-5 products was accompanied by the 
immunoprecipitation of Apoptin product of 1 6 kDa. In contrast, immunoprecipitation of myc-tagged 
beta-galactosidase did not result in a detectable co-precipitation of the Apoptin protein. In addition, 
immunoprecipitation of the Apoptin protein, by means of a polyclonal antibody directed against the 
C-terminal part of Apoptin (Notebom and Danen, unpublished results), was accompanied by the 
immunoprecipitation of the AAP-5 product of 18 kDa, but not by beta-galactosidase protein. 

[0085] In total, three independent immunoprecipitation experiments were carried out, 
which all showed the specific associating ability of Apoptin protein to the AAP-5 protein. These 
results indicate that the novel determined AAP-5 protein is able to specifically associate with 
Apoptin not only in the yeast background, but also in a mammalian transformed cellular system. 
Over-expression of the novel AAP-5 protein in human transformed cells induces the apoptolic 
process. 

[0086] In addition, we have examined whether AAP-5 carries apoptotic activity. First, we 
have analyzed the cellular localization of the novel AAP-5 protein in human transformed cells. l o 
that end, the human osteosarcoma-derived Saos-2 cells and U20S cells were transtected. as 
described by Danen-\ an Oorschot ( 1 997), with plasmid pM llSM- AAP-5 encoding the myc-tagged 
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AAP-5 protein, respectively. By indirect immunonuorescence using the myc-tag-specific antibody 
9H10 and DAPL which stains the nuclear DNA, it was shown that AAI^-5 protein was present both 
in the nucleus as well as in the cytoplasm of most ofthe tumor cells and in a minor part ofthe cells 
in the nucleus or cytoplasm alone. In cells in which both the nucleus and cytoplasm were stained 
with AAP-5, the nuclear staining was somewhat more positive. Co-expression of AAP-5 and 
Apoptin resulted in a more concrete "thready/blobby' structural entities containing both AAP-5 and 
Apoptin. These structures are present mainly in the cytoplasm but also within the nucleus. These 
observations illustrate that AAP-5 and Apoptin clearly can co-localize with each other. 

|0087] Already, three days after transfection, a significant amount of Saos-2 cells and 
U20S cells synthesizing AAP-5 underw ent induction of apoptosis. These AAP-5-positive cells were 
aberrantly stained with DAPL which is indicative for induction of apoptosis (Telford, 1 992, Danen- 
van Oorschot, 1997). Four days after transfection, the level of apoptotic AAP-5-positive cells even 
increased. Cells expressing Apoptin also underwent apoptosis, whereas as expected the cells 
synthesizing the non-apoptotic beta-galactosidase (LacZ) protein did not. Co-expression of both 
Apoptin and AAP-5 proteins in human tumor cells, such as Saos-2 cells, results in a slightly faster 
apoptotic process as expression of Apoptin or AAP-5 protein alone. The results are shown in Table 
1. 

[0088| TABLE 1: Apoptosis activity in human tumor Saos-2 cells induced by AAP-5, 
alone or in combination with Apoptin 



Days after 


Synthesized Proteins 






transfection 


LacZ AAP-5 


Apoptin 


AAP-5/Apoptin 


3 days 








4 days 






+++ 



[0089] Table 1 shows the apoptotic activity of AAP-5 protein,, with or without co- 
synthesis of Apoptin in human osteosarcoma-derived Saos-2 cells. As positive control, Saos-2 cells 
were transfected with a plasmid encoding Apoptin. As negative control, cells were transfected with 
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a plasmid encoding lac/. Note: (-): no apoplotic activity: (+): apoptotic activity; (++): strong 
apoptotic activity; (^++): very strong apoptotic activity. 1 hrec independent experiments were 
carried out. 

10090] The fact that AAP-5 protein can induce apoptosis in p53-minus Saos-2 cells 
indicates that AAP-5 can induce p53-independent apoptosis. These results imply that AAP-5 can be 
used as anti-tumor agent in cases where other (chemo)therapeutic agents will fail. Furthermore, the 
fmding that both Apoptin and AAP-5 induce a p53-independent pathway indicates that AAP-5 fits 
in the Apoptin-induced apoptotic pathway. 

[009 1 j In conclusion, we have identified an Apoptin-associating protein, namely the novel 
AAP-5 protein, which is mainly present in the nucleus and able to induce (p53-independent) 
apoptosis in human tumor cells. 

[0092] The putative BRC A-binding protein BRIP 1 also shows some amino-acid sequence 
homologies with AAP-5. Sequence homology analysis of AAP-5 with known DNA and amino-acid 
sequences revealed some homology (Table 2) with the human putative BRCA-binding protein 
BRIPl. The cellular BRCA protein is related with tumor formation. The fact that the Apoptin- 
associating protein AAP-5 shows some homology with a putative BRCA-binding protein, suggests 
that AAP-5 also is tumor-related, which is in agreement with the finding that AAP-5 is part of the 
tumor-specific pathway of Apoptin-induced apoptosis. 



|0093j TABLE 2 



AAP-5 
*BRIP1 

consensus 


PMAl-l-MDYTS 
(SI-:Q id no 24) 


SQCGKYYSSV 
(SEQ ID NO 25) 

GTSSC 

(SEQ ID NO 27) 
SS 


PEEGGATHVY 
(SEQ ID NO 26) 
RRVRACGRIM 
(SEQ ID NO 28) 
A in 


AAP-5 
BRIPl 

consensus 


RYIIRCiESKLII 
(Si:Q ID NO 29) 
HNMANLI'IRK 
(SI-:Q ID no 32) 


MCLDIGNGQR 
(SEQ ID NO 30) 
MVNPELYESR 
(SEQ ID NO 33) 
M I R 


KDRKKTSEGP 
(SEQ ID NO 31) 
IITVKPRAEST 
(SI:Q id NO 34) 
K AI, 



21 



AAP-5 


(KiSYQISHUA 


pi;asqpai-;ni 


SKDEYIEVYP 




(SI-;Q id no 35) 


(SEQ ID NO 36) 


(SI'Q ID NO 37) 


BRIPl 


FLFGSIRSAA 


PVAVEPGAAV 


RSLESPGELP 




(SEQ ID NO 38) 


(SEQ ID NO 39) 


(SEQ ID NO 40) 


consensus 


1 A 


P A PA 1 


L L P 


AAP-5 


GTYSVTVGSN 


DLTKKTUVVA 


VDSGQSVDLV 




(SEQ ID NO 41) 


(SEQ ID NO 42) 


(SEQ ID NO 43) 


BRIPl 


HLLPALGFKN 


KTVLKKRCKD 


CYLVKRRGRW 




(SEQ ID NO 44) 


(SEQ ID NO 45) 


(SEQ ID NO 46) 


consensus 


N 


K 




AAP-5 


FPV 






BRIPl 


YVY 






consensus 


F 







*BRIP1 protein sequence derived from AAF04788, which is derived from BRIPl DNA sequence 
AF151109 

[0094) Table 2 shows the partial consensus amino-acid sequences of AAP-5 and the 
putative BRCA-binding protein BRIP-1. 

[0095] Utility of AAP-5 antiscra 

[0096| The AAP-5 antibody of the two generated w ith the highest affinity was selected for 
further use. The efficacy of this antibody was tested by transfecting primate COS-7 and human 
U20S cells with the partial AAP-5-myc construct. 

[0097] With AAP-5-myc DNA transfections. Western analysis showed that approximately 
17 or 12 kD (COS and U20S, respectively) AAP-5-myc protein was detected strongly, only in 
samples where the DNA was transfected. (These size differences may be a result of cell-type-specific 
post-translational modifications.) Similarly, in immunoprecipitation experiments, AAP-5-myc was 
also strongly detected. Finally, we could detect the presence of transfected AAP-5-myc diffusely in 



the cytoplasm and nucleus of human Saos-2 tumor cells using the AAP-5 antibody in 
immunotluorescence analysis. 

|0098| Northern blot analysis 

[0099] Whereas AAP-5 is not detectably expressed in the fetal tissue RNA examined, there 
is an approximately 1 .8-2 kb message expressed in adult lung. This mRNA size is consistent with 
what is predicted to be expressed from the full-length gene, including post-transcriptional 
modifications. 

[0100] Biochemical interactions of AAP-5 with other Apoptin-associating proteins 
[0101] The genetic yeast screen with pGBl^-VP3 as bait plasmid and pACT plasmid 
containing cDNAs from transformed human B cells also delivered other Apoptin-associating 
proteins, which also encode Apoptin-associating proteins. These Apoptin-associating proteins were 
called AAP-3 and AAP-4 (see co-pending application EP01200163.2 and EP00204396.6 
respectively, which are incorporated herein by reference). The DNA sequence of AAP-3 is shown 
in SEQ ID NO 20. SEQ ID NO 20 shows the partial sequence of vector pMT2SM-AAP-3. 



CCGATGGTAG 


GCGGCGGCGG 


GGTCGGCGGC 


GGCCTCCTGG 


AGAATGCCAA 


CCCCCTCATC 


TACCAGCGCT 


CTGGGGAGCG 


GCCTGTGACG 


GCAGGCGAGG 


AGGACGAGCA 


GGTTCCCGAC 


AGCATCGACG 


CACGCGAGAl 


CTTCGARCTG 


ATTCGCTCCA 


TCAATGACCC 


GGAGCATCCA 


CTGACGCTAG 


AGGAGTTGAA 


CGTAGTAGAG 


CAGGTGCGGG 


TTCAGGTTAG 


CGACCCCGAG 


AGTACAGTGG 


CIGIGGCrTT 


CACACCAACC 


ATTCCGCACT 


GCAGCATGGC 


CACCCTTATT 


GGTCTGTCCA 


TCAAGGTCAA 


GCTTCTGCGC 


TCCCTTCCrC 


AGCGTITCAA 


GATGGACGTG 


CACAI l ACTC 


CGGGGACCCA 


TGCCTCAGAG 


CAIGCAGTGA 


ACAAGCAACT 


TGCAGAIAAG 


GAGCGGGTGG 


CAGCTGCCXT 


GGAGAACACC 


CACX^rCTTGG 


ACiGTIGTCiAA 


TCAGTGCCTCi 


rCAGCCCGCT 


CCTGAC}CCrG 


GCCTITGACC 


CCrCAACClG 


CATAC'IGGGr 


AIXX'KJGTCC 


CAACTCX^IGC 


CAAGGGCIGP 


lACXXrnGTT 


irCCIGGAAr 


CACrCACAAA 


IGACiAAACrA 
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ACAlTTGCCr 


ITTIGTAAIA 


AACinAAirr 


ATAITCAAAA 


AAAAAAAAAA 


C (SHQ ID NO 
20) 











|0102| The AAP-3 cDNA-encoded amino acid sequence is shown in SEQ ID NO 21. 
HHGPMVGGGGVGGGLLENANPLIYQRSGERPVTAGEEDEQVPDSIDARKIFDLIRSINDP 
EHPLTLEELNVVEQVRVQVSDPESTVAVAFTPTIPHCSMATI.IGLSIKVKLLRSLPQRFKM 
DVHITPGTHASEHAVNKQLADKERVAAALENTHLLEVVNQCLSARS(SEQIDN0 21).SEQ 
ID NO 21 shows the amino acid sequence of the analyzed region of the Apoptin-associating clone 
AAP-3. In addition to, the three C-terminal amino acids H-E-G (bold) of the multiple cloning site 
of pact are given to illustrate that the AAP-3 amino acid sequence is in frame with the GAL4- 
activation domain. This feature proves that the AAP-3 region is indeed synthesized in yeast cells. 

|01 03| The DN A sequence of the AAP-4 CDN A starts at position 1 2 of the DN A sequence 
and is indicated as "start AAP-4 cDNA". This feature proves that the AAP-4 region is indeed 
synthesized in yeast cells. The DNA sequence of AAP-4 is shown in SEQ ID NO 22. 
GCCACGAAGGCCGGGAGAGCTCGCCCTGCACCTACATAACTCGGCGGTCAGTGAGG 
ACAAGAACAAATCTGAAGGAGGCCTCTGACATCAAGCTTGAACCAAATACGTTGAA 
TGGCTATAAAAGCAGTGTGACGGAACCTTGCCCCGACAGTGGTGAACAGCTGCAGC 
CAGCTCCTGTGCTGCAGGAGGAAGAACTGGCTCATGAGACTGCACAAAAAGGGGAG 
GCAAAGTGTCATAAGAGTGACACAGGCATGTCCAAAAAGAAGTCACGACAAGGAAA 
ACTTGTGAAACAGTTTGCAAAAATAC] AGGAA TCI ACTCCAGTGCACGATTCl CC I GG 
A AAAGACGACGCGGTACC AGATTTGATGGGTCCCCATTCTG ACC AGGGTGAGCACA 
GTGGCAC'IGTGGGCGTGCCrGTGAGCTACACAGACTGTGCTCX'rTCACCCGTCGGTT 
G I TCAGT I GTGACA TCAGA I AGCTTCAAAACAAAAGACAGCT TTAGAAC fGCAAAA 
AAGTAAAAAGAAGAGGCGAA rCACAAGCiTAT(}A I GCACAGTTAA rCCTAGAAAA TA 
ACTCTGGGAGTCCCAAA'I TGAC f C TTCG 1 AGGCGTCA'fGATAGCAGCAGCAAAACA 
AA rC}GAC CAAGAGAA r(}A TGGCiAATGAAACTCT I CCCAAAA I TAACiCATCAAG r rr 
AAGCCAAAGACX A fGACAACCiATAACAA rCfCGATGTAGCAAAG'f l ATAAGGCn f 
AGCTCAGGA'lTACKlAA rG'rTTCACAAAATTAAAAAGGCAl (SEQ1DN()22). SI-:Q1DN0 
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22 shows the partial sequence ofx ector pM r2SM-AAP-4. The DNA sequence of the A AP-4 CDNA 
starts at position 12 of the DNA sequence and is indicated as "start AAP-4 cDNA". 

|0104| Ihc AAP-4 cDNA-encoded amino acid sequence is shown in SEQ ID NO 23. 
HEGRHSSPCrYlTRRSVRTRTNLKEASDIKLEPNTLNGYKSSVTi:PCPDSGEQLQPAPVLO 
EEELAHETAOKGEAKCHKSDTGMSKKKSRQGKLVKQFAKIEES TPVHDSPGKDDAVPDE 
MGPHSDQGEHSGTVGVPVSYTDCAPSPVGCSVVTSDSFKTKDSFRTAKKXKEEANHKVXC 
TVNPRKXLWESQIDSSXASXXQQQNKWTKRMMGMKEFPKESIKFKPKTMTTrilSMXQSY 
KGLAQDXECFTKLKRH (SEQ ID NO 23). Just like AAP-5, both AAP-3 and AAP-4 are able to 
associate with Apoptin not only in the yeast background, but also in a mammalian transformed 
cellular system. SEQ ID NO 23 shows the amino acid sequence of the analyzed region of the 
Apoptin-associating clone AAP-4. In addition to, the three C-terminal amino acids H-E-G (bold) of 
the multiple cloning site of pact are given to illustrate that the AAP-4 amino acid sequence is in 
frame with the GAL4-activation domain. 

[01 05] Immunofluorescence assays of human transformed Saos-2 cells and normal diploid 
VH 1 0 fibroblasts expressing AAP-3 revealed that AAP-3 is located in both cell types predominantly 
in the cytoplasm and nucleus, but in lower percentages also mainly in the nucleus or mainly in the 
cytoplasm. Co-synthesis of AAP-3 and Apoptin in both cell types showed a clear nuclear 
localization of AAP-3 and Apoptin, Tumor cells that have become apoptotic showed a nuclear 
localization of Apoptin and a peri-nuclear staining pattern of AAP-3. As expected, normal diploid 
VHIO cells synthesizing both Apoptin and AAP-3 did not undergo apoptosis. 

[0106J AAP-4 is present in the nucleus and able to induce (p53-indepcndent) apoptosis in 
human tumor cells. To study whether other Apoptin-associating proteins can also bind to AAP-5 
multiple experiments were performed. First, we tested the ability of AAP-5 to bind to AAP-3 in co- 
IP analysis, and found that these two proteins do interact under these conditions. However, we 
showed that AAP-5 does not bind to AAP-4 (even though AAP-3 does bind to AAP-4) under these 
conditions. These results show that many Apoptin-associating proteins can exist in heterocomplexes. 



[0107] Cloning and sequence analysis of full-length AAP-5 



% # 

|0108] A further sequence analysis of the human AAP-5 sequence yielded the 974 bp long 
nucleic acid sequence as shown in SEQ ID NO 9. SliQ ID NO 9 specillcally shows the nucleic acid 
sequence of full-length AAP-5. 
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|01U9| 



C rCiCGC CCjCjC 


GCCGCCGGCJA 


GCGCTAGGCC 


IGGICCX^ICr 


IGCIAGGATA 




CAIGCGCCTI 


GACGAGTGAG 


CCGGGGAGCC 


A IGGAGAAGT 


VJ 111 VJ VJ V, VJ VJ 


CGCAGCGCTG 


AATGGGG IGG 

J L i ^ 1 VJ V_ J XJ VJ 1 VJ VJ 


ACX'GACGITC 


CCTGGAGCGT 


1 \^ A\VJ V, ^A/ \/ VVJ V. 


TCiGG I G l AGA 

1 V J V J V 1 V 1 / \ VJ / \. 


AG! GCTGGAG 

i V VJ 1 VJ V 1 V J VJ i V VJ 


AGGGCCAAGA 

i L V^ VJ VJ V^ V_^ I \.I L V^ J i X 


GGAGGGCGG r 

VJ VJ i V VJ VJ VJ V^' VJ VJ 1 


GG A nOGG A T 

V J VJ / \ V. 1 VJ VJ V / \ 1 


GCCCTGGAGC 


GTCCCAAAGG 

VJ 1 V_x V_x V^ I l^i V V_J V^J 


CTGCATGGGG 


GTCCTTGCCC 


GGGACiGCCiCX" 


GGAGGTAGAG 

V V / \ V- V 1 / \ VJ / V VJ 


AAACAGCGGG 

/A/ A/ A V- / V VJ V- VJ VJ 


CAGCCGGCCC 

V^ / V VJ \ — V VJ VJ V_ V V 


GCAGCGCGTT 

VJ V^ J ». VJ V- VJ \^ VJ 1 X 


r TG r r G G ri A G 

V. 1 V V V VJVJVJ/ WJ 


AG AG AG A AGA 

/ \ VJ J^VJ / \ VJ / \i Y VJ /^v 


GAGACCCCCA 

VJ / A VJ / v V V V V V / k 


ACCC TTAGTG 

i V V^ \^ \ — ' 1 I I \ VJ 1 VJ 


CI TGC 1 rCAG 


A AG A ATGGrT 

/V/W /\/\ 1 V J V i V 1 


GA ATTGATGG 

VJ/\/V 1 1 V- / \ 1 VJ VJ 


ACTATACTTC 

/ A V- 1 x\ 1 /AV^ 1 1 V- 


AAGTCAGTGT 

I \.l I. VJ 1 V^ J WJ 1 V J 1 


GGGAAATAl r 


A TTG A TGTGT 


GGG AG AGG A A 

VJ V. V / \ VJ / \ VJ VJ / v ^ V 


G G A G G C I G C A A 

VJ VJ I \ V.J VJ VJ VJ \^ 1 VJ V 


CCCA IG TCTA 


TCGTTA TCAC 


A Ti A GG C G A GT 


GGA AGGTGGA 

V_ V J / V / W J V 1 V_J V / V 


GATGTGGTTG 

\_'/A 1 VJ 1 VJ V-^ 1 1 VJ 


GACATAGGGA 

VJ / A \_ / A 1 iA VJ VJ VJ / A 


ATGGTCAGAG 

i V 1 VJ VJ 1 V / AVJjAVJ 


AAA AGAG AGA 


A A A AAGAGAT 


CCCTTGGTCC 

V^ V- \ ' 1 1 VJ VJ L \ V, 


TGGAGGCAGC 

1 V 1 VJ i V VJ VJ 1 ». VJ V-- 


TATCAAATAT 


r A G A G G A 1 T 1 r' 

\^/AvJ/AV.JV^ /A 1 vJV- 


TGGAGAGGGA 

1 V. V /WJ/WJ VJ V / V 


TGGGAGCC TG 

1 V^ V^ V^ i \VJ 1 VJ 


G IGAGAACAT 

V . 1 VJ /A VJ i L i V. V i L 1 


CTCTAAGGAC 

V 1 V 1 1 V i k VJ VJ J V V ^ 


TTGTAGATAG 


A AGTATATGG 


AGGGAGGTAT 

/ V V J V. i V_J / \ V. V. 1 / V 1 


TCTGTCACTG 

1 V- 1 VJ 1 V^ / A V-- 1 VJ 


TGGGCTCAAA 

1 VJ VJ VJ V-- 1 V- I i. / A / A 


TG A GTT A A GG 


AAGAAGAGTG 

AA/ \VJ /V/VVJ /V V- 1 v^ 


ATGTGGTAGC 

/ \ I VJ 1 VJ VJ 1 / A VJ V^ 


AGTTGATTCT 

i \ VJ 1 1 VJ / \ 1 1 1 


GGACAAAGCG 

VJ VJ 1 \ \^ i \.l \.i v VJ V^ VJ 


TGGAGG TGGT 

1 V J VJ r\ V, \^ 1 VJ VJ 1 


V^' 1 1 V- V^ \w 1 VJ 1 VJ 


TGATGTTGAC 

I VJ i V 1. VJ 1 1 VJ i V v^ 


CATCACTGCC 

V_^ i V 1 V_^ J V V-^' M. VJ Vw^ 


A TCACATCAC 

J V X V_^ 4 ». i V 1 V-^ i L V_^ 


V^ 1111111 


GTAGTAAGAA 

V^J 1 i i Vj 1 / ». VJ i \I v 


TAAAGCCACT 


GTATGATTCT 


CTTAATAGCT 


ATACATTAAT 


CCTGTTTTTA 


GTGCTGACTG 


GGTCAGCCTT 


CCGGGAACTG 


GAGTCTGTCT 


CTTTCAGTGC 


ITTTTTGTTT 


GITIGGITGG 


TTTTTTTTTG 


AGACAG'ICrC 


ACTCTGITGC 


CCAGGCTGGA 


GTGCAGIGGC 


GTGATCTCGG 


CTCACTGCAA 


GTTCCGCCTC 


CCGG 


(SHQID NO 9) 





|OnO| The ATG start codon is at position 91-93 and the TAA stop codon is at position 
793-795. An open reading frame was found in this nucleic acid sequence at position 91 to 795. The 
deduced amino acid sequence is given in S I: Q ID NO 10. 
MDNCLAAAALNGVl)RRSI.QRSAKl.AI.HVI.HRAKRRAVDWHALnRPKGCMGV[,AREA 
l>IILJ:KQPAAGPQRVlJKiP:Rrn:RPPTI.SASFRTMAl-i'MI)YlSSQCGKYYSSVPi:i;G(}A'lll 
VYRYllR(}i:SKI.IIMCLDlGNGQRKDRKKrSl.(iPGGSYQlSi:HAPi:ASQPAi;NlSKDl.YIl- 



27 



VYPGTYSVTVGSNDI/I KKTHVVAVDSGQSVDLVFPV (SHQ ID NO 10). SEQ ID NO 10 
shows the amino acid sequence deduced from the nucleic acid sequence of ShQ ID NO 9. 

|01 1 1 ] AAP-5: appearance and effects on tumor cells 

10112] Full-length AAP-5 in both Saos-2 and IJ20S cells exhibited a primarily 
cytoplasmic localization. The staining was diffuse, but in addition most of the cells also contained 
very prominent bodies in the cytoplasm, clustering in particular around the nucleus. These bodies 
had a semi-regular, almost crystalline structure, and tended to cluster together into larger aggregates. 
In some cells a faint nuclear, diffuse staining could also be discerned. When co-expressed with 
Apoptin, it appeared that Apoptin formed a '"shell" around the outside of the crystalline-like bodies, 
and the overall number of these bodies appeared to be decreased compared to the situation with the 
AAP-5 expressed alone, 

(0113] We also examined the apoptosis potential of the full-length AAP-5 in both Saos-2 
and U20S cells. Compared to the lacZ negative control, AAP-5 caused a very high percentage of 
apoptosis in both cell types, almost twice the level as that seen for Apoptin alone at the same time 
point (2 days after transfection). This apoptosis only increased at later time points, similar to what 
was seen with the partial AAP-5 protein. Also similar to the partial AAP-5 protein, when co- 
expressed with Apoptin, there was a slight increase in the amount of death as compared to either 
protein expressed alone. 

[0114] The apoptosis inducing capability of the partial AAP-5 protein or the full-length 
AAP-5 protein alone or in combination with Apoptin shows that all possible mutants ranging from 
at least the partial AAP-5 protein to the full-length AAP-5 protein are capable of inducing apoptosis. 
therefore, deletion mutants of the full-length AAP-5 protein comprising at least the partial AAP-5 
protein are capable of inducing apoptosis. Also, point mutants (both at nucleotide and amino acid 
level) of the full-length AAP-5 protein comprising at least the partial AAP-5 protein are capable of 
inducing apoptosis. 

[01 15| F.xpression and detection of full-length AAP-5 on Western blot. 



% # 

[01 16| Finally, western analysis of the full-length AAP-5 protein expressed in COS-eells 
followed by HCL analysis using the anti-mye tag antibody 91: 1 0. showed a speeifie band consistent 
with the predicted size (30 kDa) of the full-length AAP-5. 
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